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MATCHMAKING FOR ONLINE GAMING
WITH SIMULATED PLAYERS

BACKGROUND

[0001] Online gaming allows for players to play a variety
of electronic and/or video games with each other via net-
work connectivity, such as via the Internet. Users who wish
to play a game may be matched with each other to play the
game, even though those players may be remotely located
from each other. Online gaming may be enabled by gaming
system(s) to which each of the players may connect using
client devices. In online gaming, frustration may arise from
failures to find, or delays in finding, suitable matches with
other players.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The detailed description is described with refer-
ence to the accompanying figures. In the figures, the left-
most digit(s) of a reference number identifies the figure in
which the reference number first appears. The same refer-
ence numbers in different figures indicate similar or identical
items.

[0003] FIG. 1 illustrates a schematic diagram of an
example environment with gaming system(s) to enable
online gaming via game client device(s) and simulated
player client device(s), in accordance with example embodi-
ments of the disclosure.

[0004] FIG. 2 illustrates a flow diagram of an example
method to match players and simulated players to form one
or more online games, in accordance with example embodi-
ments of the disclosure.

[0005] FIG. 3 illustrates a chart of an example set of player
and simulated players for matchmaking according to each
player’s respective skill score and the availability of behav-
ior simulation models based on respective human players, in
accordance with example embodiments of the disclosure.
[0006] FIG. 4 illustrates a flow diagram of an example
method to match players to form a team for a team based
online game including human players and/or simulated
players, in accordance with example embodiments of the
disclosure.

[0007] FIG. 5 illustrates a flow diagram of an example
method to match teams of human players and/or simulated
players for a team based online game, in accordance with
example embodiments of the disclosure.

[0008] FIG. 6 illustrates a chart of an example set of player
and simulated players for matchmaking according to each
player’s respective skill score and the availability of behav-
ior simulation models based on respective players, in accor-
dance with example embodiments of the disclosure.
[0009] FIG. 7 illustrates a flow diagram of an example
method by behavior simulation models may be updated, in
accordance with example embodiments of the disclosure.
[0010] FIG. 8 illustrates a block diagram of example
matchmaking system(s) that may provide matchmaking for
online games, in accordance with example embodiments of
the disclosure.

DETAILED DESCRIPTION

[0011] Example embodiments of this disclosure describe
methods, apparatuses, computer-readable media, and system
(s) for matching players and simulated players for online
gaming. In example embodiments of the disclosure, players
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who play an online game may be matched with each other
and simulated players in accordance with the disclosure
herein.

[0012] For online games, a suitable opponent or teammate
for a player attempting to matchmake may not be available,
due to, for example, user location, latency or connection
quality, time of day, player population, etc. As such, the
result of a matchmaking attempts between players may be
unsatisfactory due to, for example: a suboptimal opponent or
teammate being selected (skill imbalance, poor latency or
connection quality); an extended wait time before a suitable
opponent or teammate is found or becomes available; or
matchmaking may fail when no opponent or teammate is
found or becomes available (e.g. due to a timeout or the
player canceling matchmaking due to the wait) which results
in no gameplay occurring.

[0013] The matchmaking, as disclosed herein, may utilize
simulated players to compensate for the unavailability of
suitable human opponents or teammates. Further, the match-
making between players and simulated players and the
subsequent online gameplay therebetween may be per-
formed such that the online gaming experience is preserved.
[0014] For example, the simulated players may be oper-
ated using machine learned models that may be based on the
behavior of corresponding human players. For example, a
machine learned model corresponding to a human player
may be trained based on inputs of the corresponding human
player in various situations. As a result of the training, the
machine learned model may behave in a similar manner to
the corresponding human player when presented with simi-
lar situations. In other examples, the machine learned mod-
els may be generic simulations of a player of a given skill
level. Such generic simulations may be trained based on
aggregated behavior data from human players of the generic
skill level. Though embodiments are not limited to any
particular system or method of generating the underlying
instructions or logic that may operate simulated players
(e.g., whether using machine learned models, other machine
learning or explicit programming), an example for generat-
ing and operating simulated players is given in U.S. patent
application Ser. No. 15/985,347, which is incorporated by
reference herein in its entirety. Machine learned models or
other logic (e.g., whether using machine learned models,
other machine learning, explicit programming or logic cre-
ated in any other manner) that may operate the simulated
players may be referred to herein as behavior simulation
models.

[0015] In some examples, players who wish to play an
online game may be matched to each other by one or more
matchmaking system(s) based at least in part on historical
metrics associated with each of the players. Some example
matchmaking factors may be related to behavior and may
include playstyle, skill score, and so on. Some matchmaking
factors may be character or setup related such as character
class, team choice, position or role preference, and so on.
Other matchmaking factors may be related to team mates or
teams of the human players the simulated players are based
on.

[0016] Taking skill score as an example, based at least in
part on historical game play, each player may have a
corresponding skill score. A player who exhibits a relatively
higher level of skill compared to another player may have a
higher skill score than the other player. When a plurality of
players wish to play an online game, the online game may
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be formed by matching players with relatively similar skill
scores. By enabling games with players of relatively similar
skill scores, and therefore relatively similar skill levels, a
more enjoyable game may be achieved for the players than
if there is a relatively high disparity in the skill scores and/or
skill levels of the players. The skill score of each of the
players may be associated with the respective players by
way of a user account for each of the players. The user
account for each of the players may associate various
information about the respective players, including his or
her skill score, and may be stored in a player database and
accessed by one or more matchmaking system(s).

[0017] Matchmaking human players and simulated play-
ers using team histories and/or playstyles may make the
simulated players appear more natural and satisfying. In a
first example, the matchmaking may match a human player
with simulated teammates that are based on other players the
human player plays with regularly. In this way, the simulated
player teammates may behave in a more natural or expected
manner from the perspective of the human player. In a
second example, the matchmaking may provide groups of
opponents (e.g., on an opposing team) that are based on
corresponding human players which play together. Because
the behavior of the team of simulated players is based on the
behavior of a team of human players that play as a group
normally, the simulated players may operate more cohe-
sively, thereby providing more satisfying opponent teams.

[0018] Further, a database or catalog of behavior simula-
tion models or simulated players may be maintained and
utilized for matchmaking. In some examples, the database or
catalog of machine learned models or simulated players may
include data regarding the same or similar factors as used to
match human players with one another.

[0019] In addition, the online gaming systems utilizing the
matchmaking techniques discussed herein may operate the
simulated players to include latency. In particular, human
players may engage with the game via game client device(s),
which render the game locally at the client device. In many
cases, network latency and/or network bandwidth limits
associated therewith may result in a delay in the rendering
of the game for a human player. This latency, in turn, may
cascade to a disadvantage in response times of human
players to events in the online game relative to simulated
players (e.g. simulated players operating locally to the game
system(s)). More particularly, simulated players without
latency may exhibit superhuman reaction times or similarly
noticeable deviations from human players, thereby disrupt-
ing the gaming experience and disadvantaging human play-
ers. The disclosed embodiments, as described herein, match
human players and simulated players, taking into account
disadvantages the human players may face during game play
due to latency. In some examples, the simulated players may
be provided by simulated player client system(s) that may be
remote from the game system(s) hosting the online games.
As such, the behavior simulation models that may provide
the simulated player inputs may experience latency in
receiving online game data from the gaming system(s)
hosting the online games. In addition or alternatively, some
simulated players may be provided locally to the gaming
system(s) hosting the online games but the interface between
the online game hosting application and the input to the
behavior simulation models may include a soft delay (e.g. a
delay provided in the software or by instructions) that may
provide a similar effect to latency. Unless otherwise explic-
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itly stated, as used herein, latency in simulated players
includes both latency due to hardware or system setup and
soft delays.

[0020] Moreover, and as alluded to above, to maintain the
online game experience, simulated players may be presented
to matched human players as if they were human players
(e.g. a simulated player based on an unavailable human
player may be presented to a matched opponent as if the
actual human player were controlling the simulated player).
[0021] Further, as a human player corresponding to a
simulated player engages additional gameplay, the match-
making and online gaming system disclosed herein may
perform additional training on the corresponding behavior
simulation models to update or adapt the behavior of the
corresponding simulated player. In this manner, the simu-
lated player presented to another human player (e.g., as
teammate or opponent) may continue to mimic the corre-
sponding human player upon which the simulated player’s
behavior is based, even as the corresponding human player’s
behaviors and playstyle evolve over time.

[0022] As an example incorporating the above discussed
features, in a situation where there are no suitable human
opponents available for a player trying to matchmake or
where a long wait is going to occur, the matchmaking
algorithm may be applied against a catalogue of simulated
players that mimic the behavior of corresponding human
players, as if they were the mimicked players. The matched
simulated player(s) may then be operated with a latency in
communication of online game data between the simulated
player client system(s) and the game system(s) hosting the
online game to provide a more normal experience for the
human players.

[0023] Certain implementations and embodiments of the
disclosure will now be described more fully below with
reference to the accompanying figures, in which various
aspects are shown. However, the various aspects may be
implemented in many different forms and should not be
construed as limited to the implementations set forth herein.
It will be appreciated that the disclosure encompasses varia-
tions of the embodiments, as described herein. Like numbers
refer to like elements throughout.

[0024] FIG. 1 illustrates a schematic diagram of an
example environment 100 with game system(s) 110, game
client device(s) 120 and simulated player client system(s)
130 that enable online gaming, in accordance with example
embodiments of the disclosure.

[0025] The example environment 100 may include one or
more human player(s) 122(1), 122(2), 122(3), . . . 124(N),
hereinafter referred to individually or collectively as human
player(s) 122, who may interact with respective game client
device(s) 120(1), 120(2), 120(3), . . . 120(N), hereinafter
referred to individually or collectively as game client device
(s) 120 via respective input device(s).

[0026] The example environment 100 may further include
one or more simulated player(s) 132(1), 132(2), . . . 132(N),
hereinafter referred to individually or collectively as simu-
lated player(s) 132, who may be simulated by simulated
player client system(s), hereinafter referred to individually
or collectively as simulated player client system(s) 130
[0027] The game client device(s) 120 and the simulated
player client system(s) 130 may receive game state infor-
mation from the one or more game system(s) 110 that may
host the online game played by the human player(s) 122
and/or simulated player(s) 132 of environment 100. The
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game state information may be received repeatedly and/or
continuously and/or as events of the online game transpire.
The game state information may be based at least in part on
the interactions that each of the human player(s) 122 and/or
simulated player(s) 132 have in response to events of the
online game hosted by the game system(s) 110.

[0028] The game client devices 120 may be configured to
render content associated with the online game to respective
human players 122 based at least on the game state infor-
mation. More particularly, the game client device(s) 120
may use the most recent game state information to render
current events of the online game as content. This content
may include video, audio, haptic, combinations thereof, or
the like content components. Similarly, the simulated player
client system(s) 130 may be configured to present the game
state information to the behavior simulation models that
provide the behaviors of the simulated player(s).

[0029] As events transpire in the online game, the game
system(s) 110 may update game state information and send
that game state information to the game client device(s) 120
and simulated player client system(s) 130. For example, if
the human players 122 and/or simulated players 132 are
playing an online soccer game, and the human player 122 or
simulated player 132 playing one of the goalies moves in a
particular direction, then that movement and/or goalie loca-
tion may be represented in the game state information that
may be sent to each of the game client device(s) 120 and
simulated player client system(s) 130 for rendering the event
of the goalie moving in the particular direction. In this way,
the content of the online game is repeatedly updated
throughout game play.

[0030] When the game client device(s) 120 receive the
game state information from the game system(s) 110, a game
client device 120 may render updated content associated
with the online game to its respective human player 122.
This updated content may embody events that may have
transpired since the previous state of the game (e.g., the
movement of the goalie).

[0031] The game client device(s) 120 may accept input
from respective human players 122 via respective input
device(s). The input from the human players 122 may be
responsive to events in the online game. For example, in an
online basketball game, if a human player 122 sees an event
in the rendered content, such as an opposing team’s guard
blocking the point, the human player 122 may use his/her
input device to try to shoot a three-pointer. The intended
action by the human player 122, as captured via his/her input
device, may be received by the game client device 120 and
sent to the game system(s) 110.

[0032] The game client device(s) 120 may be any suitable
device, including, but not limited to a Sony Playstation®
line of systems, a Nintendo Switch® line of systems, a
Microsoft Xbox® line of systems, any gaming device manu-
factured by Sony, Microsoft, Nintendo, or Sega, an Intel-
Architecture (IA)® based system, an Apple Macintosh®
system, a netbook computer, a notebook computer, a desktop
computer system, a set-top box system, a handheld system,
a smartphone, a personal digital assistant, combinations
thereof, or the like. In general, the game client device(s) 120
may execute programs thercon to interact with the game
system(s) 110 and render game content based at least in part
on game state information received from the game system(s)
110. Additionally, the game client device(s) 120 may send
indications of player input to the game system(s) 110. Game

Oct. 28, 2021

state information and player input information may be
shared between the game client device(s) 120 and the game
system(s) 110 using any suitable mechanism, such as appli-
cation program interfaces (APIs).

[0033] When the simulated player client device(s) 130
receive the game state information from the game system(s)
110, the simulated player client device(s) 130 may present
the updated content associated with the online game to the
behavior simulation model corresponding to its simulated
player 132. This updated content may embody events that
may have transpired since the previous state of the game
(e.g., the movement of the goalie).

[0034] The simulated player client device(s) 130 may
generate simulated input for the respective simulated players
132. The input from the simulated players 132 may be
responsive to events in the online game. For example, in the
online basketball game discussed above, if the game state
information input to the behavior simulation model indicates
an event has occurred in the online game, such as an
opposing team’s guard blocking the point guard, the behav-
ior simulation model of the simulated player 132 may
generate simulated input to try to shoot a three-pointer. The
simulated input generated by the behavior simulation model
for the simulated player 132 may be sent to the game
system(s) 110.

[0035] The game system(s) 110 may receive inputs from
various human player(s) 122 and/or simulated player(s) 132
and update the state of the online game based thereon. As the
state of the online game is updated, the state may be sent to
the game client device(s) 120 for rendering online game
content to human players 122 and to the simulated player
client system(s) 130 presentation to the behavior simulation
models of the simulated players 132, respectively. In this
way, the game system(s) 110 may host the online game.

[0036] The example environment 100 may further include
matchmaking system(s) 140 to match human players 122
who wish to play the same game and/or game mode with
each other and with simulated players 132. The matchmak-
ing system(s) 140 may receive an indication from the game
system(s) 110 of human players 122 who wish to play an
online game.

[0037] The matchmaking system(s) 140 may initially
attempt matchmaking between human players 122 without
considering simulated players 132. Then, when an opponent
for a human player 122 cannot be found or one or more slots
in one or more teams are unfilled due to a lack of suitable
human players 122 (e.g., a suitable human player 122 is
unavailable), the matchmaking system(s) 140 may attempt
to match with simulated players 132.

[0038] Whether a human player 122 is considered unavail-
able and whether matching with a simulated player 132
based on an unavailable human player 122 is allowed may
vary depending on the implementation.

[0039] Insome implementations, a human player 122 may
not be considered unavailable, and matching for the corre-
sponding simulated player 132 may not be allowed, unless
the human player 122 is not present in the matchmaking
system(s) 140 (e.g., is offline). Such an implementation may
be chosen to avoid disrupting the gaming experience, for
example, by having multiple other human players referring
to simultaneous matches against a single other player (e.g.,
when in reality one is facing the human player 122 and the
other is facing the simulated player 132). This may be
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especially desirable where the simulated players 132 are
presented as if controlled by real players.

[0040] In other implementations, a human player 122 may
be considered unavailable when unsuitable for a match
based on one factor or a combination of factors. For
example, a human player 122 may be considered unavail-
able if the human player 122 is unsuitable for a match based
on one or more of geographical location, latency or connec-
tion quality, time of day, player population, etc. In some such
implementations, the matchmaking system(s) 140 may be
configured to utilize simulated player 132 based on human
players 122 whenever the human player 122 is determined
to be unsuitable for a match, even when the human player is
online and present in the matchmaking system. For example,
if human player A and human player B are present in the
matchmaking system(s) 140, and are a good match, save for
connection quality, the matchmaking system(s) 140 may
match human player A and human player B with simulated
player B and simulated player A, respectively, as opponents.

[0041] Many other variations may be utilized including
freely utilizing simulated players 132 regardless of whether
the corresponding human player 122 is online and even
suitable for the match but other considerations bias the
player selection toward the human player’s 122 simulated
counterpart.

[0042] As discussed below, the factors considered in
matching simulated players 132 to human players 122 may
be the same or similar to those utilized when only matching
human players 122.

[0043] The matchmaking system(s) 140 may access infor-
mation about the human player(s) 122 and/or simulated
player(s) 132 who wish to play a particular online game,
such as from a player datastore 142 and a model datastore
144. A user account for each of the human players 122 may
associate various information about the respective human
players 122 and may be stored in the player datastore 142
and accessed by the matchmaking system(s) 140. Similarly,
the model datastore 144 may include model datastore entries
for respective behavior simulation models of simulated
players 132. The model datastore entries may include the
same or similar information utilized in matchmaking as the
user accounts stored in the player datastore 142. Of course,
either the user accounts or the model datastore entries may
include additional or different information in accordance
with the particular implementation.

[0044] Human player(s) 122 and/or simulated player(s)
132 may be matched according to one or more metrics
associated with the human player(s) 122 and/or simulated
player(s) 132, such as skill at a particular game.

[0045] In askill score based matchmaking example, when
a plurality of human players 122 wish to play an online
game, the online game may be formed by matching human
players 122 with relatively similar skill scores. A player’s
skill score in a particular game may be an estimate of a
player’s expected performance in that game based at least in
part on historic game performance data. A player who
exhibits a relatively higher level of skill compared to another
player may have a higher skill score than the other player. By
enabling games with players of relatively similar skill
scores, and therefore relatively similar skill levels, a more
enjoyable game may be achieved for the players than if there
is a relatively high disparity in the skill scores and/or skill
levels of the players.
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[0046] Once the matchmaking system(s) 140 has accessed
the player skill scores, the matchmaking system(s) 140 may
be configured to match human player(s) 122 and/or simu-
lated player(s) 132 based at least in part on their respective
skill scores. As mentioned above, the matchmaking system
(s) 140 may not attempt to match simulated players 132 into
the online game(s) unless the matchmaking fails to find
suitable human players 122. In some examples, the skill
scores assigned to simulated players 132 may be based on
the skill scores of the human player upon whose behavior the
corresponding behavior simulation model is based.

[0047] Inaddition to or alternatively to skill scores, human
players 122 and simulated players 132 may be matched on
a variety of other factors.

[0048] Some example matchmaking factors may be
related to behavior in addition to skill and may include a
player’s playstyle. For example, when matching human
player(s) 122 and/or simulated player(s) 132 as a team for a
team deathmatch, the matchmaking system(s) 140 may
favor matching human player(s) 122 and/or simulated player
(s) 132 that exhibit similar levels of aggression or a mix of
levels of aggression. This may alleviate the frustration
experienced by players when deathmatch teams split up due
to different players utilizing different tactics. Splitting a
deathmatch team into different groups using different tactics
can often result in a loss to an opposing team operating as
a single unit with a shared tactical approach. In another
example, when matching human player(s) 122 and/or simu-
lated player(s) 132 as a team for a team-based sports game
(e.g., an online team based American football game), the
matchmaking system(s) 140 may favor matching human
player(s) 122 and/or simulated player(s) 132 based on
whether the players employ strategies consistent with real-
life football games (e.g., kicking extra points or attempting
a two point conversion according to the situation) in the
online game or employ overly aggressive, fanciful, or unre-
alistic strategies inconsistent with real-life football games
(e.g., always attempting the two point conversion or
attempting to convert every fourth down). Many other
aspects of players’ playstyles may be utilized in matchmak-
ing. The aspects of players’ playstyle utilized for different
genres or different individual games may vary from example
to example.

[0049] Some example matchmaking factors may be char-
acter or setup related such as character class, team choice,
position or role preference, and so on. For example, when
matching human player(s) 122 and/or simulated player(s)
132 for an online roleplaying game, the matchmaking sys-
tem(s) 140 may consider the character classes of the human
player(s) 122 and/or simulated player(s) 132. In such
examples, the aspects of the playstyles of the human player
(s) 122 and/or simulated player(s) 132 utilized in match-
making may be specific to the character or setup related
factors for a slot in the matchmaking that is to be filled. The
character or setup related factors of human players 122 may
be determined by the settings or character selected by the
individual human players 122 when requesting matchmak-
ing. The matching of simulated players 132 may be per-
formed using the same or similar factors but may be trig-
gered by the matchmaking finding no suitable human player
122. Further, the matching of simulated players 132 may be
performed using characters or setups stored in the model
datastore entries for respective behavior simulation models.
For example, a behavior simulation model may be created
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for the behavior of a human player when playing as a
particular class, role or position. Other behavior simulation
models may be created for the same human player when
playing as other classes, roles or positions. Returning to the
online role playing game example above, in setting up a
team for a fantasy game, when no suitable human player 122
is available to fill a healer slot in the team, the matchmaking
system(s) 140 may search the model datastore 144 to find a
behavior simulation model that may provide a simulated
player 132 with a character class of healer and other attri-
butes that render the simulated player a suitable match for
the team.

[0050] Other matchmaking factors may be related to team-
mates or teams of the human players 122 or the human
players 122 the simulated players 132 are based on. In a first
example, the matchmaking may match a human player 122
with simulated teammates that are based on other players the
human player plays with regularly. In this way, the simulated
teammates may behave in a more natural or expected
manner from the perspective of the human player 122. In a
second example, the matchmaking may provide groups of
opponents (e.g., on an opposing team) that are based on
corresponding human players 122 which play together.
Because the behavior of the team of simulated players 132
is based on the behavior of a team of human players 122 that
play as a group normally, the simulated players 132 may
operate more cohesively, thereby providing more satisfying
opponent teams.

[0051] Having matched the human player(s) 122 and/or
simulated player(s) 132, the matchmaking system(s) 140
may trigger and instruct generation of instance(s) of the
online game(s) for the match(es). More particularly, the
matchmaking system(s) 140 may send the behavior simu-
lation model(s) of any simulated player(s) 132 to be
included in an instance of the online game to the simulated
player client system(s) 130 with instructions for the simu-
lated player client system(s) 130 to instantiate the simulated
player 132 using the behavior simulation model. The match-
making system(s) 140 may then request the game system(s)
110 instantiate an online game between the matched human
players 122 and simulated players 132. For example, the
matchmaking system(s) 140 may provide connection infor-
mation for the game client device(s) 120 and simulated
player client system(s) 130 to the game system(s) 110 for
instantiation of an instance of the online game between the
matched human players 122 and simulated players 132.

[0052] In some examples, the online gaming system(s)
110 utilizing the matchmaking techniques discussed herein
may operate the simulated players 132 to include latency. In
particular, human players 122 may engage with the game via
the game client device(s) 120, which are remote from the
game system(s) 110. In many cases, network latency and/or
network bandwidth limits associated therewith may result in
a delay in the rendering of the game for a human player 122.
This latency, in turn, may cascade to a disadvantage in
response times of human players 122 to events in the online
game relative to simulated players 132, for example, where
the simulated players are operated locally to game system(s)
110. For example, the simulated player client system(s) 130
providing the simulated player(s) 132 may be computing
devices located closer to the game system(s) 110 (e.g. same
city or region) than the game client device(s) 120 of the
human player(s) 122 or even by computing devices within a
same data center or computing cluster as the game system(s)
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110. In such cases, the simulated players 132 without latency
may exhibit superhuman reaction times or similarly notice-
able deviations from human players 122, thereby disrupting
the gaming experience and disadvantaging human players
122. The disclosed embodiments, as described herein, pro-
vide simulated players 132, taking into account disadvan-
tages the human players 122 may face during game play due
to latency. In some examples, the simulated players 132 may
be provided by simulated player client system(s) 130 that
may be remote from the game system(s) hosting the online
games. As such, the behavior simulation models that may
provide the simulated player 132 inputs may experience
latency in receiving online game data from the gaming
system(s) 110 hosting the online games. In addition or
alternatively, some simulated players 132 may be provided
locally to the gaming system(s) 110 hosting the online
games (e.g. in the same data center or computing cluster as
the game system(s) 110) but the interface between the online
game hosting application and the input to and/or output of
the behavior simulation models may include a soft delay
(e.g. a delay provided in the software or by instructions) that
may provide a similar effect to latency. Unless otherwise
explicitly stated, as used herein, latency in simulated players
132 may include either or both latency due to hardware or
system setup and soft delays.

[0053] Insome examples, the matchmaking system(s) 140
may generate the behavior simulation models based on the
behavior of players playing the online game (e.g., replays of
gameplay by human players 122). As discussed above, the
behavior simulation models may accept as input the game
state information and output control input for an online
game. The control inputs output by the behavior simulation
models may be the same or similar to the control inputs
output by the game client device(s) 120 in response to inputs
from the human players 122. In some examples, the control
inputs may control characters, units and so on of the human
player 122 or simulated player 132. As such, the behavior
simulation models may be configured to control units or
make decisions that emulate characteristics of human play-
styles by outputting similar control data as normally gener-
ated in response to the inputs received from a human player.

[0054] In some examples, the behavior simulation models
may be machine learned models that are trained based on the
behavior of respective human players. For example, a
behavior simulation models for a respective human player
may be trained based on inputs of the respective human
player in various situations. As a result of the training,
behavior simulation models may behave in a similar manner
to the respective human player when presented with similar
situations. In other examples, the behavior simulation mod-
els may be generic simulations of players of a given skill
level. Such generic simulations may be trained based on
aggregated behavior data from human players of the generic
skill level. Though embodiments are not limited any par-
ticular system or method of generating the underlying
instructions or logic that may operate simulated players (e.g.
whether using machine learned models, other machine
learning or explicit programming), an example for generat-
ing and operating simulated players is given in U.S. patent
application Ser. No. 15/985,347, which is incorporated by
reference herein in its entirety.

[0055] Further, as a human player 122 upon which a
behavior simulation model engages additional gameplay, the
gaming system(s) 110 may provide the matchmaking system
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(s) 140 with additional behavior data. The matchmaking
system(s) 140 may then perform additional training on the
behavior simulation model to update or adapt the behavior
of the simulated player 132. In this manner, the simulated
player 132 presented to another human player 122 (e.g. as a
teammate or an opponent) may continue to mimic the
respective human player upon which the behavior simula-
tion model’s behavior is based, even as the respective human
player’s behaviors and playstyle evolve over time. Similar
additional training may be applied to behavior simulation
models which are based on aggregated behavior data of
multiple players (e.g. additional training may be performed
as more behavior data is collected).

[0056] As alluded to above, to maintain the online game
experience, simulated players 132 may be presented to the
human players 122 as if they were human players (e.g. a
simulated player based on an unavailable human player may
be presented to an opponent human player 122 as if the
actual respective player were controlling the simulated
player 132). Alternatively or additionally, the simulated
players 132 may presented in a similar manner to the
presentation of human players to opponents but with an
indication that the simulated player 132 is simulated.
[0057] Though example implementation details are dis-
cussed above, variations are possible. For example, other
implementations may utilize the player datastore 142 to
match for simulated players 132. For example, rather than or
in addition to having a separate model datastore, the behav-
ior simulation models may be attached to user account data
or otherwise to the player datastore entries of the associated
human players 122 in the player datastore 142.

[0058] In another example variation, human players 122
may be matched against simulated players 132 outside of a
matchmaking search process. For example, a human player
122 may be matched against a simulated player without the
use of a matchmaking search process when the simulated
player is used as a milestone, benchmark, or proof of
competency of the human player 122. Some online games
may have leagues or tiers of gameplay that may require the
human players 122 to overcome one or more challenges to
prove capability. In such a case, a human player 132 may
matched with and/or against simulated players 132 based on
respective human players 122 or aggregated human player
behavior data collected from groups of human players 122
matching certain characteristics and skill scores. In a par-
ticular example, human players 122 may be required to
defeat the simulated player 132 provided by a behavior
simulation model for a particular human player to qualify for
a league, competition or tier of the online game. In this way,
the human players 122 may have a more standardized
challenge for entry.

[0059] FIG. 2 illustrates a flow diagram of an example
method 200 to match players to form one or more online
games including human players and simulated players, in
accordance with example embodiments of the disclosure.
The method 200 may be performed by the matchmaking
system(s) 140, individually or in cooperation with one or
more other elements of the environment 100.

[0060] At block 202, one or more human player(s) 122
who wish to play an online game may be identified. The one
or more human player(s) 122 may be identified by the
matchmaking system(s) 140 based at least in part on a
message and/or an indication from the game system(s) 110
and/or game client device(s) 120 that the one or more human
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player(s) 122 wish to play the online game. In other cases,
the matchmaking system(s) 140 may repeatedly access a
shared list and/or database that provides information about
human players 122 who wish to join different online games.
Such a shared list and/or database may be updated by any or
all of the matchmaking system(s) 140, the game system(s)
110, and/or the game client device(s) 120. In example
embodiments, a player identifier, such as a player account
login or other profile information, corresponding to human
players 122 may be used to identify the players 122 who
wish to play the online game.

[0061] At block 204, a skill score, latency and/or other
data for each of the one or more human players 122 may be
determined. The skill score for each of the one or more
human players 122 may be determined by accessing a player
datastore 142 and using a player identifier for each of the
human players 122 to access the respective skill scores for
the human player(s) 122. In some cases, if a human player
122 does not have an established playing history then a
default skill score may be ascribed to him/her until he/she
establishes a playing history sufficient to provide a skill
score based on his or her playing abilities. For example, a
new human player 122, may be ascribed a skill score of 35
on a 1 to 100 scale, indicating an expected below-average
skill for a particular online game.

[0062] In some cases, the matchmaking system(s) 140
may receive an indication of network latency and/or network
bandwidth from the game system(s) 110 and/or the game
client device(s) 120. In other cases, the matchmaking system
(s) 140 may request the game client device(s) 120 to
measure the network latency and/or bandwidth. In response
to such a request from the matchmaking system(s) 140 for
a particular human player 122, the respective game client
device 120 may measure a network latency between itself
and the game system 110. Any suitable mechanism for
measuring network latency and/or network bandwidth may
be used, such as a ping test. In cases where the game client
device(s) 120 may be geographically distributed, the data
center or the gaming system 110 that will host the online
game may conduct the ping test. The other data may include
any additional attributes of the human players 122 to be
matched, such as playstyle, team play history, and so on.
[0063] At block 206, preliminary matching of the human
players 122 may be performed to form preliminary match-
ups for one or more instances of the online game(s) for the
one or more human players 122 based at least in part on the
skill scores, latency and/or other data corresponding to each
of the one or more human players 122.

[0064] In some examples, as each human player 122 that
wishes to play the online game is considered, existing
preliminary matchups may be checked to determine whether
the player being consider is suitable to fill an unfilled slot in
an existing preliminary matchup. If the human player 122
being considered is unsuitable for the existing preliminary
matchups, a new preliminary matchup may be instantiated.
If all player slots in a preliminary matchup are filled, the
matchmaking systems 140 may queue the preliminary
matchup for instantiation as an online game (e.g. at block
214). The preliminary matching at block 208 may continue
for incomplete preliminary matchups until each player that
wishes to play an online game has been considered or until
a time limit or other limit is reached (e.g. an existing
preliminary matchup has been pending without completion
for some amount of time).
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[0065] At block 208, one or more unfilled player slots in
one or more preliminary matchups may be identified. In
other words, the matchmaking system(s) 140 may identify
one or more player slots in the preliminary matchups formed
at block 206 for which suitable human players 122 were
unavailable. At block 210, the matchmaking system(s) 140
may determine one or more unavailable players that are
suitable to fill the one or more unfilled player slots in the
preliminary matchups and for which behavior simulation
models are available. The suitable unavailable player(s) for
which behavior simulation models are available may be
identified by way of the player datastore 142. In addition or
alternatively, the model datastore 144 may be searched
directly to find a behavior simulation model of a respective
unavailable player which provides a simulated player suit-
able to fill the slot. As discussed above, the suitability of
unavailable players for which behavior simulation models
are available may be determined using the same or similar
matchmaking factors as utilized in block 206 for the pre-
liminary matching of available human players 122. At block
212, one or more simulated player(s) based on behavior
simulation models for the one or more suitable but unavail-
able players may be instantiated and selected to fill respec-
tive unfilled slots in the preliminary matchups. Simulated
players 132 may be added to the preliminary matchups in
this manner until the preliminary matchups are complete
(e.g. the player slots are all filled).

[0066] At block 214, the one or more instances of the
online game(s) may be instantiated based on the completed
preliminary matchups. For example, having matched the
human player(s) 122 and/or simulated player(s) 132, the
matchmaking system(s) 140 may trigger and instruct gen-
eration of instance(s) of the online game(s) for the match
(es). More particularly, the matchmaking system(s) 140 may
send the behavior simulation model(s) of any simulated
player(s) 132 to be included in an instance of the online
game to the simulated player client system(s) 130 with
instructions for the simulated player client system(s) 130 to
instantiate the simulated player 132 using the behavior
simulation model. The matchmaking system(s) 140 may
then request the game system(s) 110 instantiate an online
game between the matched human players 122 and simu-
lated players 132. For example, the matchmaking system(s)
140 may provide connection information for the game client
device(s) 120 and simulated player client system(s) 130 to
the game system(s) 110 for instantiation of an instance of the
online game between the matched human players 122 and
simulated players 132.

[0067] It should be noted that some of the operations of
method 200 may be performed out of the order presented,
with additional elements, and/or without some elements.
Some of the operations of method 200 may further take
place substantially concurrently and, therefore, may con-
clude in an order different from the order of operations
shown above. Further, implementations are not limited to the
details of the above examples and variations are possible.
For example, while method 200 may be performed for a pool
of players to generate preliminary matchups, other examples
may perform matching in a pairwise manner for particular
players.

[0068] FIG. 3 illustrates a chart 300 of an example set of
player matchmaking according to each player’s respective
skill score, availability of the player and availability of a
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behavior simulation model based on the player, in accor-
dance with example embodiments of the disclosure.

[0069] The chart 300 shows a number of players, such as
player A through player I who have corresponding skill
scores as shown. For example, player C may have a skill
score of 48, while player H may have a skill score of 87. The
skill scores used in this example may be on a 0-100 range,
but any suitable range (e.g., 0-1, 0-50, etc.) may be used
according to example embodiments of the disclosure. As
discussed above, the skill scores may be determined by the
matchmaking system(s) 140 by accessing a player datastore
142 and/or model datastore 144. In example embodiments,
the matchmaking system(s) 140, by using a player’s iden-
tifier, may be able to access the player’s skill score from the
player datastore 142.

[0070] The chart 300 further shows whether a behavior
simulation model is available for each of the players. For
example, player D does not have a behavior simulation
model available, while player F has a behavior simulation
model available. Whether a player has an available behavior
simulation model may be determined by the matchmaking
system(s) 140 using an indication from the player datastore
142 or model datastore 144.

[0071] The chart 300 further shows whether the player is
online and/or wishes to be matched for a game. For example,
player A is online, while player B is not online. In the
illustrated example, for ease of illustration, players who are
online but do not want to be matched or who are offline and
have no available behavior simulation model available are
not shown.

[0072] Based at least in part on the skill scores for the
human players 122, the human player(s) 122 and/or simu-
lated player(s) 132 may be combined into different online
games. This process may involve finding those players who
have respective skill scores that are within a threshold value
of each other. For example, as shown, three instances of the
online games may be formed for the online players. Each of
the human player(s) 122 and/or simulated player(s) 132 in
the instances may have skill scores that are within a thresh-
old of each other. As shown, Online Game 1 may include
players A and G, while Online Game 2 may include players
C and F, while Online Game 3 may include player D.
Following the matching of the online human player 122, the
matchmaking system(s) 140 may determine Online Game 1
has one unfilled slot, Online Game 2 has two unfilled slots
and Online Game 3 has one unfilled slot. The matchmaking
system(s) 140 may the determine that a simulated player
based on behavior simulation models of player H (indicated
by the asterisk) matches the unfilled slot in Online Game 1
(e.g. based on skill score). Similarly, simulated players
based on behavior simulation models of players B and I
match the unfilled slots in Online Game 2 and a simulated
player based on behavior simulation model of player E
matches the unfilled slot in Online Game 3. Each of these
online games may instantiated by sending the corresponding
online game rosters to the game system(s) 110.

[0073] While the above examples relate to matchmaking
among a pool of players that wish to play an online game,
variations are within the scope of this disclosure. For
example, FIGS. 4-6 relate to matchmaking among teams of
human player(s) 122 and/or simulated player(s) 132.
[0074] FIG. 4 illustrates a flow diagram of an example
method 400 to match human players 122 of a first team with
simulated players 132 to form a completed team for an
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online game, in accordance with example embodiments of
the disclosure. The method 400 may be performed by the
matchmaking system(s) 140, individually or in cooperation
with one or more other elements of the environment 100.
[0075] At block 402, a first team of first players who wish
to play an online game may be identified. This identification
may be based upon a message and/or indication sent from
the game system(s) 110 or one or more of the game client
device(s) 120 and may indicate the first team of first players
wish to play the online game. In other cases, the matchmak-
ing system(s) 140 may repeatedly access a shared list and/or
database that provides information about teams of human
players 122 who wish to join different online games. Such
a shared list and/or database may be updated by any or all
of the matchmaking system(s) 140, the game system(s) 110,
and/or the game client device(s) 120. In example embodi-
ments, a player identifiers, such as a player account login or
other profile information, corresponding to human players
122 may be used to identify the human players 122 who
wish to play the online game and a team identifier or group
identifier may be used to identify a user formed team
including the first players.

[0076] At block 404, a skill score, playstyles and team
history for each of the first players may be determined. The
skill score, playstyles and team history for each of the first
players may be determined by accessing a player datastore
142 and using a player identifier for each of the first players
to access the respective skill scores for the first player(s). In
some cases, if a human player 122 does not have an
established playing history then a default skill score may be
ascribed to him/her until he/she establishes a playing history
sufficient to provide a skill score based on his or her playing
abilities. For example, a new human player 122 may be
ascribed a skill score of 35 on a 1 to 100 scale, indicating an
expected below-average skill for a particular online game.
Similar default values for playstyles and team history may
be utilized.

[0077] At block 406, one or more unfilled player slots in
the first team may be identified. In other words, the match-
making system(s) 140 may identify one or more player slots
in the first team identified at 402 for which suitable human
player(s) 122 and/or simulated player(s) 132 are desired.
[0078] Atblock 408, the matchmaking system(s) 140 may
determine criteria for suitable players for each unfilled slot
in the first team. For example, the matchmaking system(s)
140 may determine a range of skill scores, one or more
playstyles, a team history and so on that may be deemed
suitable when matching human players 122,132 to the
respective unfilled slot.

[0079] At block 410, for each unfilled slot in the first team,
the matchmaking system(s) 140 may determine whether
another player is available who wishes to play the online
game and who matches the criteria. At block 412, the
matchmaking system(s) 140 may fill each unfilled slot for
which another player is determined to be available who
wishes to play the online game and who matches the criteria.
[0080] Atblock 414, the matchmaking system(s) 140 may
determine whether unfilled slots remain in the first team. If
so, the process may continue to block 416. Otherwise, the
process may continue to the start of the process illustrated in
FIG. 5.

[0081] Atblock 416, the matchmaking system(s) 140 may
determine, for each remaining unfilled slots, respective
behavior simulation models that match with the criteria for

Oct. 28, 2021

the particular slot. The matching behavior simulation model
for which behavior simulation models are available may be
identified by way of the player datastore 142. In addition or
alternatively, the model datastore 144 may be searched
directly to find a behavior simulation model of a respective
unavailable player which provides a simulated player suit-
able to fill the slot. As discussed above, the suitability of a
behavior simulation model may be determined using the
same or similar matchmaking factors as utilized in 410 for
matching of other players to the first team. At block 418, one
or more matching behavior simulation models may be
selected to fill respective unfilled slots in the first team.
Then, at block 420, one or more simulated player(s) based
on the selected behavior simulation models may be instan-
tiated.

[0082] The process 400 may then transition to matching
the completed first team with a second team in FIG. 500 at
502.

[0083] FIG. 5 illustrates a flow diagram of an example
method 500 to match a second team of players and/or
simulated players with a first team for an online game, in
accordance with example embodiments of the disclosure. In
some examples, the method 500 follows method 400. How-
ever, examples are not so limited and methods 400 and 500
may both be performed separately or in conjunction. The
method 500 may be performed by the matchmaking system
(s) 140, individually or in cooperation with one or more
other elements of the environment 100.

[0084] Atblock 502, the matchmaking system(s) 140 may
determine second team criteria including team score, team
playstyle and other team data for matching with the first
team. In some examples, the determination of the team
score, team playstyle and other team data for matching with
the first team may be determined based on attributes or data
regarding the players of the first team (e.g. whether human
or simulated).

[0085] At block 504, the matchmaking system(s) 140 may
determine whether another team is available who wishes to
play the online game and matches the second team criteria.
The other teams searched at block 504 may be other teams
of human players or human and simulated players. The other
teams may be matched in the same manner as the first team
using method 400.

[0086] Atblock 506, the matchmaking system(s) 140 may
determine if another team was available at block 504. If so,
the method continues to block 512. Otherwise, the method
continues to block 508.

[0087] Atblock 508, the matchmaking system(s) 140 may
determine another team of other behavior simulation models
based on unavailable players which matches the second
team criteria. For example, the second team criteria may
specify a team with a skill score range between 50 and 65,
playstyles that favor strategies treating the online game as if
in real life, and no prior history of playing as a team (e.g.
because the first team are new players and lack cohesion).
The matchmaking system(s) 140 may then select behavior
simulation models which, taken together, meet the second
team criteria.

[0088] At block 510, the matchmaking system(s) 140 may
instantiate, as the players of the second team, simulated
players based on the other behavior simulation models.
Then, at block 512, the matchmaking system(s) 140 may
instantiate the online game between the first team and the
second team
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[0089] It should be noted that some of the operations of
method 500 may be performed out of the order presented,
with additional elements, and/or without some elements.
Some of the operations of method 500 may further take
place substantially concurrently and, therefore, may con-
clude in an order different from the order of operations
shown above.

[0090] FIG. 6 illustrates a chart 600 of an example set of
team based player matchmaking according to each player’s
respective skill score, team history and playstyle, in accor-
dance with example embodiments of the disclosure.
[0091] Similar to chart 300 of FIG. 4, chart 600 shows a
number of players, such as player A through player I who
have corresponding skill scores as shown. For example,
player F may have a skill score of 54, while player G may
have a skill score of 75. The skill scores used in this example
may be on a 0-100 range, but any suitable range (e.g., 0-1,
0-50, etc.) may be used according to example embodiments
of the disclosure. As discussed above, the skill scores may
be determined by the matchmaking system(s) 140 by access-
ing a player datastore 142. In example embodiments, the
matchmaking system(s) 140, by using a player’s identifier,
may be able to access the player’s skill score from the player
datastore 142.

[0092] The chart 600 further shows whether a behavior
simulation model is available for each of the players. For
example, player D does not have a behavior simulation
model available, while player F has a behavior simulation
model available. Whether a player has an available behavior
simulation model may be determined by the matchmaking
system(s) 140 using an indication from the player datastore
142 or model datastore 144.

[0093] The chart 600 further shows whether the player is
online and/or wishes to be matched for a game. For example,
player A is online, while player H is not online. In the
illustrated example, for ease of illustration, players who are
online but do not want to be matched or who are offline and
have no available behavior simulation model available are
not shown.

[0094] The chart 600 further shows team histories of the
various human players. For example, player A has a history
of teaming with players D and H, while players D and H
have a history of teaming with player A but not one another.
The matchmaking system(s) 140 may utilize the team his-
tories to provide preferential matching between human
players 122/simulated players 132 when the players have
histories of teaming up. In a first example, the matchmaking
may match a human player with a simulated teammate based
on a history of other players the human player plays with
regularly. This is illustrated in the matching of player G with
simulated player E. In this way, the simulated teammate may
behave in a more natural or expected manner from the
perspective of the human player. In a second example, the
matchmaking may provide groups of opponents (e.g. on an
opposing team) that are based on corresponding human
players which play together. This is illustrated in the match-
ing of simulated players F and 1. Because the behavior of the
team of simulated players is based on the behavior of a team
of human players that play as a group normally, the simu-
lated players may operate more cohesively, thereby provid-
ing more satisfying opponent teams.

[0095] Moreover, the chart 600 shows the playstyle of the
player, in the context of whether the player tends to play
aggressively or passively. Given the information in the table
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of FIG. 6, the matchmaking system(s) 140 may complete
team 2 by matching a simulated player based on the behavior
of player E with player G, then because no team is available
that matches team 3, assembling team 4 based on the
information indicating players F and I match as a team and
as an opponent team to team 3.

[0096] As shown an online game is instantiated between
team 1 and team 2 and another online game is instantiated
between teams 3 and 4. Each of these online games may
instantiated by sending the corresponding online game ros-
ters to the game system(s) 110.

[0097] FIG. 7 illustrates a flow diagram of an example
method 700 by which behavior simulation models may be
updated, in accordance with example embodiments of the
disclosure. The method 700 may be performed by the
matchmaking system(s) 150, individually or in cooperation
with one or more other elements of the environment 100.
[0098] At block 702, the matchmaking system(s) 140 may
collect behavior data and outcomes from one or more online
games. In some examples, the behavior data and outcomes
from the one or more online games may be provided by the
game system(s) 110. In other examples, the behavior data
and outcomes from one or more online games may be
provided by the game client device(s) 120 and simulated
player client system(s) 130.

[0099] At block 704, the matchmaking system(s) 140 may
determine whether the completed online games involved
human player(s) 122 for which behavior simulation model
(s) are stored in the model datastore 144. In some examples,
the matchmaking system(s) 140 may also determine whether
the completed games involved human player(s) 122 for
which a behavior simulation model is to be or is being
generated. In any case, if the games involved human players
122 of interest, the process continues to block 706. Other-
wise, the process returns to block 702 for additional data
collection.

[0100] Atblock 706, the matchmaking system(s) 140 may
retrain the behavior simulation models based at least in part
on collected behavior data and outcomes from completed
online games to generate updated behavior simulation mod-
els. In the case of examples in which a behavior simulation
model is to be created for a player, the matchmaking
system(s) 140 may initialize the behavior simulation model
and perform initial training based at least in part on the
collected data.

[0101] The matchmaking system(s) 140 may deploy the
updated behavior simulation models to the model datastore
144 at 708. In some examples, the matchmaking system(s)
140 may update the player datastore 142 and model data-
store 144 accordingly. Then, at block 710, the matchmaking
system(s) 140 may use the updated behavior simulation
models in matchmaking and return to block 702 to collect
further behavior data and outcomes from one or more
additional online games.

[0102] It should be noted that some of the operations of
method 700 may be performed out of the order presented,
with additional elements, and/or without some elements.
Some of the operations of method 700 may further take
place substantially concurrently and, therefore, may con-
clude in an order different from the order of operations
shown above.

[0103] FIG. 8 illustrates a block diagram of example
matchmaking system(s) 140 that may provide matchmaking
for online games, in accordance with example embodiments
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of the disclosure. The matchmaking system(s) 140 may
include one or more processor(s) 800, one or more input/
output (I/O) interface(s) 802, one or more network interface
(s) 804, one or more storage interface(s) 806, and computer-
readable media 810.

[0104] In some implementations, the processors(s) 800
may include a central processing unit (CPU), a graphics
processing unit (GPU), both CPU and GPU, a microproces-
sor, a digital signal processor or other processing units or
components known in the art. Alternatively, or in addition,
the functionally described herein can be performed, at least
in part, by one or more hardware logic components. For
example, and without limitation, illustrative types of hard-
ware logic components that may be used include field-
programmable gate arrays (FPGAs), application-specific
integrated circuits (ASICs), application-specific standard
products (ASSPs), system-on-a-chip system(s) (SOCs),
complex programmable logic devices (CPLDs), etc. Addi-
tionally, each of the processor(s) 800 may possess its own
local memory, which also may store program modules,
program data, and/or one or more operating system(s). The
one or more processor(s) 800 may include one or more
cores.

[0105] The one or more input/output (I/O) interface(s) 802
may enable the matchmaking system(s) 140 to detect inter-
action with a user and/or other system(s), such as one or
more game system(s) 110. The /O interface(s) 802 may
include a combination of hardware, software, and/or firm-
ware and may include software drivers for enabling the
operation of any variety of /O device(s) integrated on the
matchmaking system(s) 140 or with which the matchmaking
system(s) 140 interacts, such as displays, microphones,
speakers, cameras, switches, and any other variety of sen-
sors, or the like.

[0106] The network interface(s) 804 may enable the
matchmaking system(s) 140 to communicate via the one or
more network(s). The network interface(s) 804 may include
a combination of hardware, software, and/or firmware and
may include software drivers for enabling any variety of
protocol-based communications, and any variety of wireline
and/or wireless ports/antennas. For example, the network
interface(s) 804 may comprise one or more of a cellular
radio, a wireless (e.g., IEEE 802.1x-based) interface, a
Bluetooth® interface, and the like. In some embodiments,
the network interface(s) 804 may include radio frequency
(RF) circuitry that allows the matchmaking system(s) 140 to
transition between various standards. The network interface
(s) 804 may further enable the matchmaking system(s) 140
to communicate over circuit-switch domains and/or packet-
switch domains.

[0107] The storage interface(s) 806 may enable the pro-
cessor(s) 800 to interface and exchange data with the
computer-readable medium 810, as well as any storage
device(s) external to the matchmaking system(s) 140, such
as the player datastore 142 and the model datastore 144.
[0108] The computer-readable media 810 may include
volatile and/or nonvolatile memory, removable and non-
removable media implemented in any method or technology
for storage of information, such as computer-readable
instructions, data structures, program modules, or other data.
Such memory includes, but is not limited to, random access
memory (RAM), read-only memory (ROM), electrically
erasable programmable read-only memory (EEPROM),
flash memory or other memory technology, CD-ROM, digi-
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tal versatile discs (DVD) or other optical storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other
magnetic storage devices, RAID storage system(s), or any
other medium which can be used to store the desired
information and which can be accessed by a computing
device. The computer-readable media 810 may be imple-
mented as computer-readable storage media (CRSM), which
may be any available physical media accessible by the
processor(s) 800 to execute instructions stored on the com-
puter readable media 810. In one basic implementation,
CRSM may include RAM and Flash memory. In other
implementations, CRSM may include, but is not limited to,
ROM, EEPROM, or any other tangible medium which can
be used to store the desired information and which can be
accessed by the processor(s) 800. The computer-readable
media 810 may have an operating system (OS) and/or a
variety of suitable applications stored thereon. The OS,
when executed by the processor(s) 800 may enable man-
agement of hardware and/or software resources of the
matchmaking system(s) 140.

[0109] Several functional blocks having instruction, data
stores, and so forth may be stored within the computer-
readable media 810 and configured to execute on the pro-
cessor(s) 800. The computer readable media 810 may have
stored thereon a player identifier block 812, a skill score
tracker block 814, an availability block 816, and a player
simulation instantiation block 818. It will be appreciated that
each of the functional blocks 812, 814, 816, 818, 820, 822,
may have instructions stored thereon that when executed by
the processor(s) 800 may enable various functions pertain-
ing to the operations of the matchmaking system(s) 150.
[0110] The instructions stored in the player identifier block
812, when executed by the processor(s) 800, may configure
the matchmaking system(s) 150 to identify player(s), such as
new player(s) who wish to join an online game. In some
cases, the processor(s) 800 may request player identification
information, such as from the game system(s) 110 and/or
game client devices(s) 120. The processor(s) 800 may also
match players based upon their corresponding skill scores
and/or other player data.

[0111] The instructions stored in the skill score tracker
block 814, when executed by the processor(s) 800, may
configure the matchmaking system(s) 140 to determine skill
scores of players who wish to play an online game. The
processor(s) 800 may further use player identification infor-
mation to access the player datastore and the model data-
store to access information, such as skill scores of players
and simulated players. The processor(s) 800 may also update
skill scores based at least in part on player performance. In
some examples, the skill score tracker block 814 may further
determine or track other player data utilized in matchmak-
ing. Such other player data is not limited to particular
matchmaking data and may include team history data,
playstyle data, and so on.

[0112] The instructions stored in the availability tracker
block 816, when executed by the processor(s) 800, may
configure the matchmaking system(s) 150 to determine
whether unavailable players have a behavior simulation
model available for matching with one or more human
players. In some cases, the processor(s) 800 may solicit the
availability information from the model datastore 144 and/or
the player datastore 142.

[0113] The instructions stored in the player simulation
instantiator block 818, when executed by the processor(s)
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800, may configure the simulated player client system(s)
130 to provide a simulated player 132 using a particular
behavior simulation model.

[0114] The illustrated aspects of the claimed subject mat-
ter may also be practiced in distributed computing environ-
ments where certain tasks are performed by remote process-
ing devices that are linked through a communications
network. In a distributed computing environment, program
modules can be located in both local and remote memory
storage devices.

[0115] Although the subject matter has been described in
language specific to structural features and/or methodologi-
cal acts, it is to be understood that the subject matter defined
in the appended claims is not necessarily limited to the
specific features or acts described. Rather, the specific
features and acts are disclosed as illustrative forms of
implementing the claims.

[0116] The disclosure is described above with reference to
block and flow diagrams of system(s), methods, apparatuses,
and/or computer program products according to example
embodiments of the disclosure. It will be understood that
one or more blocks of the block diagrams and flow dia-
grams, and combinations of blocks in the block diagrams
and flow diagrams, respectively, can be implemented by
computer-executable program instructions. Likewise, some
blocks of the block diagrams and flow diagrams may not
necessarily need to be performed in the order presented, or
may not necessarily need to be performed at all, according
to some embodiments of the disclosure.

[0117] Computer-executable program instructions may be
loaded onto a general purpose computer, a special-purpose
computer, a processor, or other programmable data process-
ing apparatus to produce a particular machine, such that the
instructions that execute on the computer, processor, or other
programmable data processing apparatus for implementing
one or more functions specified in the flowchart block or
blocks. These computer program instructions may also be
stored in a computer-readable memory that can direct a
computer or other programmable data processing apparatus
to function in a particular manner, such that the instructions
stored in the computer-readable memory produce an article
of manufacture including instruction that implement one or
more functions specified in the flow diagram block or
blocks. As an example, embodiments of the disclosure may
provide for a computer program product, comprising a
computer usable medium having a computer readable pro-
gram code or program instructions embodied therein, said
computer readable program code adapted to be executed to
implement one or more functions specified in the flow
diagram block or blocks. The computer program instructions
may also be loaded onto a computer or other programmable
data processing apparatus to cause a series of operational
elements or steps to be performed on the computer or other
programmable apparatus to produce a computer-imple-
mented process such that the instructions that execute on the
computer or other programmable apparatus provide ele-
ments or steps for implementing the functions specified in
the flow diagram block or blocks.

[0118] It will be appreciated that each of the memories and
data storage devices described herein can store data and
information for subsequent retrieval. The memories and
databases can be in communication with each other and/or
other databases, such as a centralized database, or other
types of data storage devices. When needed, data or infor-
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mation stored in a memory or database may be transmitted
to a centralized database capable of receiving data, infor-
mation, or data records from more than one database or other
data storage devices. In other embodiments, the databases
shown can be integrated or distributed into any number of
databases or other data storage devices.

[0119] Many modifications and other embodiments of the
disclosure set forth herein will be apparent having the
benefit of the teachings presented in the foregoing descrip-
tions and the associated drawings. Therefore, it is to be
understood that the disclosure is not to be limited to the
specific embodiments disclosed and that modifications and
other embodiments are intended to be included within the
scope of the appended claims. Although specific terms are
employed herein, they are used in a generic and descriptive
sense only and not for purposes of limitation.

What is claimed is:

1. A system, comprising:

one or more processors; and

one or more computer-readable media storing computer-

executable instructions that, when executed by the one
or more processors, cause the one or more processors
to:

determine a first skill score associated with a first player

for an online game;

determine a second skill score associated with a second

player for the online game;

determine that the first skill score is within a threshold of

the second skill score;

determine that the second player is unavailable;

determine a behavior simulation model based on the

second player is available;

instantiate a simulated player based on the behavior

simulation model; and

instantiate the online game with the first player and the

simulated player.

2. The system of claim 1, wherein the computer-execut-
able instructions further cause the one or more processors to:

receive, from a game system, a first message indicating

that that the first player is to be matched for online
gaming for the online game.
3. The system of claim 1, wherein to determine the second
skill score associated with the second player, the computer-
executable instructions further cause the one or more pro-
cessors to:
determine an identifier of the second player;
access a player datastore storing respective player skill
scores corresponding to a plurality of players, the
plurality of players comprising the second player; and

determine, from the player datastore the second skill score
based at least in part on the identifier.

4. The system of claim 1, wherein the computer-execut-
able instructions further cause the one or more processors to:

perform a search for another player that is available and

that matches with the first player for the online game,
matching with the first player at least including having
an associated skill score within a threshold of the first
skill score; and

wherein the determining that the behavior simulation

model is available and instantiation of the simulated
player are performed based at least in part on the search
failing to return another player that is available and that
matches with the first player for the online game.
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5. The system of claim 1, wherein to instantiate the online
game with the first player and the simulated player, the
computer-executable instructions further cause the one or
more processors to:

initiate an instance of the online game with the first player

and the simulated player that presents the simulated
player to the first player as if the second player were
controlling the simulated player.

6. The system of claim 1, wherein the online game is a
first instance of the online game, the computer-executable
instructions further cause the one or more processors to:

collect, for one or more second instances of the online

game, outcomes for the one or more second instances
and behavior data for the second player during the one
or more second instances;

retrain the behavior simulation model using the outcomes

for the one or more second instances and the behavior
data for the second player during the one or more
second instances.

7. A computer-implemented method, comprising:

determining a first skill score associated with a first player

for an online game;

determining a behavior simulation model for a simulated

player is available for the online game;

determining a second skill score associated with the

behavior simulation model for the online game;
determining the behavior simulation model matches with
the first player based at on the first skill score being
within a threshold of the second skill score;
instantiating a simulated player based on the behavior
simulation model; and

instantiating the online game with the first player and the

simulated player.

8. The computer-implemented method of claim 7,
wherein the behavior simulation model is based on behavior
of a second player.

9. The computer-implemented method of claim 8,
wherein to determine the behavior simulation model is
available, and the method further comprises:

determining an identifier of the behavior simulation

model,;

accessing a behavior simulation model datastore storing

respective behavior simulation models corresponding
to a plurality of players, the plurality of players com-
prising the second player; and

determining, from the behavior simulation model data-

store, the behavior simulation model is present based at
least in part on the identifier.

10. The computer-implemented method of claim 8, the
method further comprising:

determining a first playstyle corresponding to the first

player;

determining a second playstyle of the behavior simulation

model,;

determining the first playstyle and second playstyle match

for the online game; and

wherein the determining the behavior simulation model

matches with the first player is further based at least in
part on the determining that the first playstyle and
second playstyle match for the online game.

11. The computer-implemented method of claim 8,
wherein instantiating the simulated player based on the
behavior simulation model further comprises:

Oct. 28, 2021

instantiating the simulated player such that the simulated
player exhibits latency effects by one or more of:
instantiating the simulated player on hardware remote
from a server hosting the online game; or
instantiating the simulated player to include a delay
approximating latency effects for received incoming
data from the online game and for outgoing data sent
to the online game.
12. The computer-implemented method of claim 8,
wherein instantiating the online game with the first player
and the simulated player instantiates a first instance of the
online game, the online game is a team based online game,
the method further comprises:
performing a search for another player that is available
and that matches with the first player for the online
game, the determining that the behavior simulation
model is available and instantiation of the simulated
player being performed in response to the search failing
to return another player that is available and that
matches with the first player for the online game;

determining a team history corresponding to the first
player, the team history indicative of other players that
the first player has teamed with for a plurality of second
instances of the online game;

determining the second player is included in the team

history corresponding to the first player, the determin-
ing that the behavior simulation model matches with
the first player being further based at least in part on the
team history corresponding to the first player including
the second player.

13. The computer-implemented method of claim 8,
wherein instantiating the online game with the first player
and the simulated player comprises:

initiating an instance of the online game with the first

player and the simulated player that presents the simu-
lated player to the first player as if the second player
were controlling the simulated player.

14. The computer-implemented method of claim 8,
wherein the online game is a first instance of the online
game, the method further comprising:

collecting, for one or more second instances of the online

game, outcomes for the one or more second instances
and behavior data for the second player during the one
or more second instances;

retraining the behavior simulation model based on the

second player using the outcomes for the one or more
second instances and the behavior data for the second
player during the one or more second instances.

15. A system, comprising:

one or more processors; and

one or more computer-readable media storing computer-

executable instructions that, when executed by the one
or more processors, cause the one or more processors
to perform operations comprising:

determining a first plurality of first players who wish to

play an online game as a first team;

determining one or more unfilled slots for the online game

to fill with simulated players;
determining one or more behavior simulation models that
provide one or more corresponding simulated players
suitable to fill corresponding unfilled slots;

instantiating the one or more corresponding simulated
players based on the one or more behavior simulation
models; and
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filling the one or more unfilled slots with the one or more

corresponding simulated players;

instantiating the online game with the first plurality of first

players and the one or more corresponding simulated
players.

16. The system of claim 15, wherein the unfilled slots are
unfilled slots in a second team to play against the first team
as opponents in the online game, the one or more behavior
simulation models are based on one or more corresponding
second players of a plurality of second players and wherein
determining the one or more behavior simulation models
that provide the one or more corresponding simulated play-
ers suitable to fill the corresponding unfilled slots comprises:

determining respective skill scores for the first plurality of

first players;

determining, based on team history data of the plurality of

second players, a third plurality of second players
whose team history data indicates the third plurality of
second players are associated as a team;

determining respective skill scores for the third plurality

of second players;

determining the respective skill scores for the first plu-

rality of first players match with the respective skill
scores for the third plurality of second players; and
determining, in response to determining the respective
skill scores for the first plurality of first players match
with the respective skill scores for the third plurality of
second players, a plurality of behavior simulation mod-
els corresponding to the third plurality of second play-
ers are suitable to fill the corresponding unfilled slots.

17. The system of claim 16, wherein the computer-
executable instructions further cause the one or more pro-
cessors to:

determine one or more first playstyles of first plurality of

first players match with one or more second playstyles
of the third plurality of second players; and

the determining the plurality of behavior simulation mod-

els corresponding to the third plurality of second play-
ers are suitable to fill the corresponding unfilled slots is
further in response to the determining the one or more
first playstyles of first plurality of first players match
with the one or more second playstyles of the third
plurality of second players.

18. The system of claim 15, wherein the one or more
behavior simulation models are based on one or more
corresponding second players of a plurality of second play-
ers;

the instantiating the one or more corresponding simulated

players based on the one or more behavior simulation

models comprises instantiating the one or more corre-

sponding simulated players such the one or more

corresponding simulated players exhibits latency

effects by one or more of:

instantiating the one or more corresponding simulated
players on hardware remote from a server hosting the
online game; or

instantiating the one or more corresponding simulated
players to include a delay approximating latency
effects for received incoming data from the online
game and for outgoing data sent to the online game;
and

Oct. 28, 2021

the instantiating the online game with the first plurality of
first players and the one or more corresponding simu-
lated players comprises:

initiating an instance of the online game with the first
plurality of first players and the one or more corre-
sponding simulated players that presents the one or
more corresponding simulated players to the first
plurality of first players as if the one or more
corresponding second players were controlling the
corresponding simulated players.

19. The system of claim 15, wherein the one or more
unfilled slots are one or more unfilled slots in the first team,
the one or more behavior simulation models are based on
one or more corresponding second players of a plurality of
second players and wherein the determining the one or more
behavior simulation models that provide the one or more
corresponding simulated players suitable to fill the corre-
sponding unfilled slots comprises:

determining one or more of skill score data, playstyle
data, and team history data for the first plurality of first
players and for the one or more corresponding second
players;

determining the one or more corresponding second play-
ers match the first plurality of first players based on one
of the skill score data, the playstyle data, and the team
history data; and

determining the one or more behavior simulation models
are suitable to fill the one or more unfilled slot based on
the determining the one or more corresponding second
players match the first plurality of first players based on
one of the skill score data, the playstyle data, and the
team history data.

20. The system of claim 15, wherein a particular unfilled
slot of the unfilled slots is an unfilled slot in the first team,
the particular unfilled slot in the first team having an
associated role in the first team, a particular behavior simu-
lation model of the one or more behavior simulation models
being based on a corresponding second player of a plurality
of second players and wherein the determining the one or
more behavior simulation models that provide the one or
more corresponding simulated players suitable to fill the
corresponding unfilled slots comprises:

determining one or more of skill score data, playstyle
data, and team history data for the first plurality of first
players and for the corresponding second player in the
role associated with the particular unfilled slot;

determining the corresponding second player in the role
associated with the particular unfilled slot matches the
first plurality of first players based on one of the skill
score data, the playstyle data, and the team history data;
and

determining the particular behavior simulation model is
suitable to fill the particular unfilled slot based on the
determining the corresponding second player in the role
associated with the particular unfilled slot matches the
first plurality of first players based on one of the skill
score data, the playstyle data, and the team history data.
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